INTRODUCTION
============

Chronic hepatitis B virus (HBV) infection is the primary cause of hepatocellular carcinoma (HCC), accounting for approximately 75% of its underlying etiologies in Korea.[@b1-gnl-10-962] Although the national vaccination program markedly reduced HBV infection in the younger population (\<30 years), the rate of HBV infection in middle-aged and elderly individuals is high.[@b2-gnl-10-962] According to a national survey, approximately 4% of Korean adults over the age of 40 are affected by chronic HBV infection.[@b2-gnl-10-962] Since 95% of HCC cases occur in this age group, more aggressive strategies are required to prevent HCC in Korea.[@b3-gnl-10-962]

Over the last two decades, knowledge of the relationship between chronic HBV infection and HCC development has increased. Chronic HBV infection---including inactive HBV carrier status---is associated with development of HCC.[@b4-gnl-10-962]--[@b6-gnl-10-962] A higher level of HBV replication, older age, male gender, and higher serum alanine aminotransferase (ALT) levels are independent predictors of the development of HCC.[@b4-gnl-10-962] Using these parameters, various prediction models of HCC risk have been developed and validated.[@b7-gnl-10-962],[@b8-gnl-10-962] The individual risk of developing HCC can be predicted if the patient was untreated. Recently, antiviral treatment with oral nucleos(t)ide analogues has shown promising results in patients with chronic hepatitis B (CHB). Several clinical trials and observational studies have reported beneficial effects of antiviral treatment in terms of HCC prevention through persistent viral suppression.[@b9-gnl-10-962]--[@b11-gnl-10-962] Although the preventive effect is imperfect, such viral suppression can reduce substantially the risk of HCC development in patients with chronic HBV infection.

The possibility of predicting the risk of HCC development even in patients receiving antiviral treatment remains unclear. Because an antiviral treatment could suppress significantly HBV replication and reduce necroinflammation and fibrosis in the liver, such improvements might affect the parameters used in the HCC prediction models. Interestingly, after treatment with entecavir, a potent antiviral agent, the prediction models predicted the risk of HCC more accurately than did baseline models.[@b12-gnl-10-962] Based on this finding, we assumed that accurate prediction of the risk of HCC before and during antiviral treatment in patients with chronic HBV infection is possible.

Since the introduction of oral nucleot(s)ide analogues, the Korean National Health Insurance (NHI)[@b13-gnl-10-962] has updated inclusion criteria for antiviral therapy against CHB based on serum aminotransferase and HBV DNA levels. Even though the inclusion criteria have been gradually extended, many patients are unable to start antiviral therapy until they meet the stringent criteria. Since the NHI indications focus on higher-risk patients, the majority of CHB patients are excluded from treatment. However, the number of patients that can be treated using the NHI indication criteria remains unknown and there are insufficient data on the current status of chronic HBV infection in the Korean population. To make antiviral therapy cost-effective, an accurate estimate of at-risk patients and prediction of treatment outcomes are required. Further, more patients should receive antiviral therapy to increase its beneficial effects. However, supporting data to extend antiviral indications are scarce.

To overcome these limitations, we used a novel computer-based modelling approach to predict HCC risk in the general population with HBV. We attempted to calculate the number of patients that could receive antiviral therapy and whether the current antiviral indications are suitable to reduce the HCC risk for the general Korean population.

MATERIALS AND METHODS
=====================

1. Development of a representative cohort of chronic HBV infection
------------------------------------------------------------------

We established a representative cohort using data from the fifth Korean National Health and Nutrition Examination Survey (KNHANES),[@b14-gnl-10-962] a cross-sectional study conducted from 2010 to 2012. The KNHANES included all civilian noninstitutionalized Korean individuals who were selected to represent the Korean population according to geographical and demographic characteristics. The target population of the present study was hepatitis B surface antigen (HBsAg)-positive subjects over the age of 40 years, as the immune-tolerant phases are uncommon and the risk of HCC is increasing rapidly in these patients. Among 8,435 eligible subjects, 453 were identified as HBsAg-positive; 21 subjects who reported they had liver cirrhosis and 12 subjects who had missing data were excluded. Liver cirrhosis was clinically diagnosed when image findings (nodular liver surface) and laboratory findings (albumin, bilirubin, prothrombin time, or platelet counts) were consistent with cirrhosis.[@b15-gnl-10-962] Consequently, the study enrolled 420 subjects ([Fig. 1](#f1-gnl-10-962){ref-type="fig"}). We assumed that these subjects were representative of all noncirrhotic patients with HBV infection in Korea. Consequently, we estimated that 4.13% (993,872 subjects) of 24,064,693 Korean individuals over the age of 40 years were HBsAg positive in 2011. As HBV DNA levels and hepatitis B envelope antigen (HBeAg) status were not available in the KNHANES data, we determined the status of HBV infection in Koreans based on Taiwanese data. Koreans and Taiwanese have similar modes of HBV transmission, mostly neonatal infection. HBV infection status was determined using the Risk Evaluation of Viral Load Elevation and Associated Liver Disease/Cancer-Hepatitis B Virus (REVEAL-HBV) study, a Taiwanese prospective community-based cohort study. Details of the study have been reported.[@b4-gnl-10-962],[@b7-gnl-10-962] Briefly, 4,155 participants who were seropositive for HBsAg and were HCC-free at the beginning of the study were enrolled. Among these, blood test data for 3,851 were available, and the distribution of HBV DNA levels and proportion of HBeAg positivity were evaluated. We extrapolated from the REVEAL study and randomly allocated HBV DNA levels (\<60, 60--2,000, 2,000--20,000, 20,000--200,000, and \>200,000 IU/mL) according to ALT levels (\<15, 15--45, \>45 U/ L). HBeAg positivity was also assigned according to the HBV DNA level. Random allocation was repeated 100 times and a large virtual cohort (n=42,000) was made in one session. We constructed 20 virtual cohorts by repeating this process. Random allocation and statistical analyses were performed in an R language environment version 3.1.2 (<http://www.r-project.org>).

2. Current and new extended treatment criteria in patients with HBV
-------------------------------------------------------------------

Diverse treatment guidelines are presently used in different countries based on their medical resources and the societal burden of chronic HBV infection. In South Korea, individuals are obligated to participate in the NHI. The NHI reimburses patients undergoing antiviral treatment if their laboratory results meet the following criteria: serum aspartate aminotransferase (AST) or ALT levels must be \>80 IU/L and the baseline serum HBV DNA levels must be \>2,000 and \>20,000 IU/mL in HBeAg-negative and positive CHB patients, respectively. If patients start antiviral treatment without meeting these criteria, obtaining reimbursement from the NHI is difficult, as HBV DNA and ALT levels could normalize during treatment. Therefore, most patients who do not meet the reimbursement criteria have to defer antiviral treatment until they satisfy the criteria. Consequently, clinical practice is markedly affected by economic status, rather than scientific evidence. We attempted to establish new treatment indications for patients with CHB, designed to enroll all patients except for inactive HBV carriers (HBV DNA \<2,000 IU/mL). We also used the recent European Association for the Study of the Liver (EASL) guidelines,[@b16-gnl-10-962] as they include the widest treatment indication range. The treatment indications of the three guidelines used in this study are summarized in [Table 1](#t1-gnl-10-962){ref-type="table"}.[@b17-gnl-10-962]

3. Estimation of patients who required antiviral treatment and prediction of treatment responses
------------------------------------------------------------------------------------------------

We determined the proportion of patients who were candidates for antiviral treatment according to the treatment criteria. To adjust for uncertainty in individuals who would receive treatment, the patients were selected randomly based on the treatment uptake rate, which was defined as the rate of participation in the treatment group among the indicated patients. For example, a treatment uptake rate of 60% meant that 60 of 100 patients were treated. As patient selection among the indicated could be very diverse, we used a random selection processes in an R language environment. We performed the selection process 100 times and the resulting average values were used. All patients were assumed to receive potent antiviral agents such as tenofovir or entecavir. We estimated the improvements in laboratory parameters after antiviral treatment based on their actual data or recent clinical trials.[@b18-gnl-10-962]--[@b20-gnl-10-962] After 2 years of treatment, serum HBV DNA levels decreased to \<2,000 IU/mL in 95% of treated patients, and serum ALT levels were normalized to the same distribution as seen in non-HBV-infected individuals. Moreover, the rate of HBeAg loss was 30% after 2 years.[@b21-gnl-10-962],[@b22-gnl-10-962]

4. Prediction of risk for HCC development in the general Korean population
--------------------------------------------------------------------------

The HCC risk was predicted using the risk estimation for HCC in chronic hepatitis B (REACH-B) score.[@b8-gnl-10-962] The REACH-B score was developed based on the REVEAL-HBV study cohort consisting of 3,584 patients without cirrhosis. Predictive parameters included gender, age, serum ALT level, HBeAg status, and serum HBV DNA levels. The score comprised 17 points with HCC risk ranging from 0.0% to 23.6% at 3 years, 0.09% to 47.4% at 5 years, and 0.0% to 81.6% at 10 years. The score was validated in other cohorts from three hospitals in Hong Kong and South Korea and was demonstrated to estimate the risk of developing HCC at 3, 5, and 10 years accurately. It also predicted HCC risk within an acceptable range, especially in Asian patients on antiviral therapy.[@b12-gnl-10-962]

We estimated the risk of developing HCC at the 5-year point. We calculated the 3-year risk of HCC following 2 years of antiviral treatment in patients who received antiviral therapy. We predicted improvement in laboratory parameters after 2 years of treatment and used them for risk prediction. In patients who did not receive antiviral treatment, we used the 5-year risk of HCC using baseline variables. Then, we calculated the number of new HCC cases in the general Korean population, multiplying at-risk subjects by the estimated 5-year risk (%). According to the treatment indications and treatment uptake rates (10% to 90%), we calculated amount of risk reduction for HCC development. When the sum of HCC risk reached 100%, we counted one new case of HCC. For example, 100 patients with an HCC risk of 1% corresponded to one new case of HCC within 5 years.

RESULTS
=======

1. Identification of candidates for antiviral therapy using the three treatment criteria
----------------------------------------------------------------------------------------

[Table 2](#t2-gnl-10-962){ref-type="table"} summarizes the baseline characteristics of the study cohort. The distribution of the laboratory results was similar to that of the REVEAL study.[@b4-gnl-10-962],[@b7-gnl-10-962] We investigated the proportion of potential candidates for antiviral therapy based on the three inclusion criteria. Under the Korean NHI indication, a very small proportion of subjects could be treated; only 3.76% of the studied cohort had AST or ALT levels \>80 U/L and high serum HBV DNA levels (\>20,000 IU/mL in HBeAg-positive subjects and \>2,000 IU/mL in HBeAg-negative subjects). This corresponded to 37,321 individuals (95% confidence interval \[CI\], 37,208 to 37,434) in the Korean HBV positive population (n=993,872). Under the EASL guidelines, 15.37% were considered candidates for antiviral therapy. When we applied the new extended indication, the treatment candidates increased to 48.2% of the population ([Table 3](#t3-gnl-10-962){ref-type="table"}).

2. The change in HCC risk before and after antiviral therapy
------------------------------------------------------------

We investigated the risk reduction of HCC development after antiviral treatment. If we defined the 5-year risk of HCC development of at-risk and super-high-risk patients as more than 1% and 10%, respectively, about half of the subjects (47.0%) fell into the at-risk group. The super-high-risk patients included 5.7% of all subjects. The total 5-year risk was 2.73% (2,725 cases per 100,000 persons; 95% CI, 2,708 to 2,742 per 100,000).

As expected, the HCC risk was reduced remarkably after treatment. The more patients treated, the greater the reduction in HCC risk that was observed. We compared HCC risks after treatment among the three indication criteria. If HBsAg-positive Korean adults (\>40 years old) were treated as per the Korean NHI indication, the effect on HCC reduction was minimal. The total 5-year risk was 2.53% (2,531 cases per 100,000 persons; 95% CI, 2,524 to 2,538 per 100,000). Only 7.1% of HCC cases were prevented, even when 100% of the indicated patients were treated ([Fig. 2](#f2-gnl-10-962){ref-type="fig"}). Under the EASL guidelines, the total 5-year risk was 2.09% (2,089 cases per 100,000 persons; 95% CI, 2,082 to 2,096 per 100,000). About one quarter of HCC cases (23.3%) were prevented. If the extended indication was used, the total 5-year risk was 1.12% (1,122 cases per 100,000 persons; 95% CI, 1,120 to 1,124 per 100,000), meaning that 58.8% of HCC cases could be prevented in 5 years by extending the treatment indications.

3. The change in HCC risk according to treatment uptake rate
------------------------------------------------------------

Since 100% of indicated patients could not receive treatment, we investigated the treatment outcomes according to the treatment uptake rate. A rate of 60% meant that 60 of 100 indicated patients were treated. The estimated HCC-risk reduction was summarized according to treatment uptake rates (10% to 90%) and treatment indication ([Table 4](#t4-gnl-10-962){ref-type="table"}). The HCC risk decreased by 0.74%, 2.39%, and 5.87% per 10% increase in the treatment uptake rate under the Korean NHI, EASL, and extended criteria, respectively. This meant that 20, 65, and 160 new HCC cases could be prevented among 100,000 Korean individuals (\>40 years) with chronic HBV infection under the respective treatment criteria.

DISCUSSION
==========

In this study, we estimated and compared the antiviral effects of three treatment indications in the general Korean population. As expected, the Korean NHI indication was the most stringent and resulted in \<4% of the population being candidates for antiviral therapy. Because the baseline data originated from a cross-sectional survey, this percentage might increase during long-term follow up. However, on the other hand, a moderate number of patients might be lost to follow-up if not treated in the early period and only requested to attend periodic examination. The EASL guidelines are more permissive for antiviral therapy; four times more patients were eligible for antiviral therapy under the EASL criteria than under the Korean NHI indication. Thus, the number of eligible patients is very sensitive to the antiviral indications used. In particular, expanding antiviral indication is closely related with a markedly reduced risk of developing HCC. More HCC cases are prevented in the general population when more patients are treated. New extended indication was created based on the finding that HCC risk increases significantly when HBV DNA level is \>2,000 IU/mL.[@b5-gnl-10-962],[@b23-gnl-10-962] Active viral replication per se is an independent risk factor for development of HCC. Moreover, ALT levels may not increase, even in patients with significant liver fibrosis. When Asian patients over 40 years of age have normal serum ALT but a high HBV DNA level, it is uncertain whether they are really in an immune tolerant state. A systematic review showed that approximately one-fifth of patients with normal ALT levels may have significant hepatic fibrosis.[@b24-gnl-10-962] We postulate that most patients over 40-years-of-age are at risk if their serum HBV DNA level is \>2,000 IU/mL. If the new extended indication is applied to the Korean population, 50% could be eligible for treatment and the preventive effect of antiviral therapy would be −60% of HCC development. Although the preventive effect is very large, further studies are needed because this study was based on many critical assumptions and drug costs, and potential adverse events were not included. Based on these parameters, the antiviral indications in Korea for CHB that are more cost-effective should be developed.

It can be argued that the long-term antiviral effect of preventing HCC in relatively low-risk patients is unknown. Due to a lack of clinical data, we assumed that the preventive effect of antiviral agents would be less in higher-risk patients. We used only five parameters to predict HCC risk: age, sex, ALT, HBeAg, and HBV-DNA, in the REACH-B score. Liver fibrosis, which can be a major risk factor for HCC, was not included in the prediction model.[@b25-gnl-10-962] Considering the marked improvement in liver fibrosis in most treated patients, wide use of antiviral agents in relatively low-risk groups would also be beneficial in preventing advanced fibrosis.[@b26-gnl-10-962] Moreover, we assumed that the risk would not decrease during the first 2 years of treatment. Despite our strict estimate, the dramatic decrease in HCC risk in the general population suggests that extending the antiviral indications is very important in controlling the development of HCC. Above all, the major finding of this study was that current NHI indication are insufficient to reduce the risk of HCC in the Korean population. Future studies should determine the degree to which the antiviral indication should be extended.

Extending treatment could also increase the HCC surveillance rate. Absence of symptoms, low insight, and economic burden are common barriers to optimal surveillance. Although the national liver cancer surveillance program in Korea has been conducted since 2003, the surveillance rate is only 23%, which is much lower than that for other cancers.[@b27-gnl-10-962] Moreover, one study showed that surveillance rates tend to decrease over time.[@b28-gnl-10-962] As patients undergoing treatment are more committed to HCC surveillance, strategies aimed at increasing treatment in more patients may help increase the surveillance rate. As the number of patients undergoing treatment increases, more HCC cases will be detected; most patients undergoing treatment are apt to receive surveillance for HCC, as compared to untreated patients, so more HCC cases will be detected at earlier stages.

In this study, we estimated the potential effects of the current Korean NHI indication by calculating the HCC risk before and after antiviral therapy using a computer-based model. This simulation approach was possible despite limited resources. If very large clinical trials cannot be conducted to determine long-term outcomes, this approach would provide an alternative method. If more accurate Korean data and HCC prediction models were available, a more precise prediction would be possible for the Korean population.

A limitation of this study was that we did not use actual HBeAg positivity or HBV DNA viral load data from the general Korean population because KNHANES did not include these data. Instead, we used Taiwanese data, as the two populations share similar viral transmission characteristics (neonatal infection) and Asian ethnicity. However, genotype B is more prevalent in Taiwan, whereas Korean HBVs are all genotype C. Generally, genotype C is associated with higher risks for cirrhosis and HCC.[@b29-gnl-10-962] The difference in viral genotypes between the two countries could be a confounding factor in this study. To ensure more reliable health policies, accurate HBV status data are critical. KNHANES should include more HBV tests to depict current HBV infection status and predict future risk. Lastly, because the KNHANES data was based on interviews and blood tests not including imaging tests, some of cirrhosis might be unrecognized and included in this study.

In conclusion, with limited resources a computer-based modeling approach to predict outcomes is feasible. Extending the antiviral indications would decrease HCC development significantly in the general Korean population. If supported by further cost-effectiveness studies, it should be considered to extend the current Korean NHI indication.
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![Study flow chart. We constructed a Korean hepatitis B virus (HBV) cohort from the fifth National Health and Nutrition Examination Survey. Because serum HBV DNA levels and hepatitis B e antigen (HBeAg) positivity data were missing, HBV status was allocated randomly according to alanine aminotransferase (ALT) level. The distribution of HBV DNA and HBeAg was simulated using reported data from the Risk Evaluation of Viral Load Elevation and Associated Liver Disease/Cancer study. Random allocation was repeated 100 times. We compared three treatment indication guidelines for antiviral therapy. The risk of hepatocellular carcinoma (HCC) development in 5 years was calculated using Risk Estimation for HCC in Chronic Hepatitis B (REACH-B) scores.](gnl-10-962f1){#f1-gnl-10-962}

![The change in hepatocellular carcinoma (HCC) risk after antiviral therapy according to three treatment criteria. NHI, National Health Insurance; EASL, European Association for the Study of the Liver.](gnl-10-962f2){#f2-gnl-10-962}

###### 

Indications for Antiviral Treatment Used in This Study

                         Korean NHI                                          EASL                                                    New extended indication
  ---------------------- --------------------------------------------------- ------------------------------------------------------- -------------------------
  Liver enzyme           AST or ALT ≥80 IU/L                                 ALT ≥ULN[\*](#tfn2-gnl-10-962){ref-type="table-fn"}×1   Any
  HBV DNA level, IU/mL   ≥20,000[†](#tfn3-gnl-10-962){ref-type="table-fn"}   ≥2,000                                                  ≥2,000

NHI, National Health Insurance; EASL, European Association for the Study of the Liver; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ULN, upper limit of normal; HBV, hepatitis B virus.

ULN was defined as 33 IU/L in men and 25 IU/L in women;[@b17-gnl-10-962]

≥2,000 IU/mL in case of hepatitis B e antigen (−) chronic hepatitis B or liver cirrhosis.

###### 

Baseline Characteristics of the Study Cohort

  Characteristic                                                  Subjects with HBsAg (+) (n=420)
  --------------------------------------------------------------- ---------------------------------
  Male sex                                                        206 (49)
  Age, yr                                                         55.8±10.4
   40--49                                                         129 (30.7)
   50--59                                                         148 (35.2)
   ≥60                                                            143 (34.1)
  AST, U/L                                                        29.5 (27.0--31.9)
  ALT, U/L                                                        29.7 (25.4--33.9)
   \<15                                                           68 (16.2)
   15--44                                                         300 (71.4)
   ≥45                                                            52 (12.4)
  HBeAg (+)[\*](#tfn6-gnl-10-962){ref-type="table-fn"}            66 (15.7)
  HBV DNA, copies/mL[\*](#tfn6-gnl-10-962){ref-type="table-fn"}   
   \<300                                                          93 (22.1)
   300--9,999                                                     125 (29.8)
   10,000--99,999                                                 84 (20.0)
   100,000--999,999                                               45 (10.7)
   ≥1,000,000                                                     73 (17.4)

Data are presented as number (%), mean±SD, or mean (95% confidence interval).

HBsAg, hepatitis B surface antigen; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus.

HBeAg positivity and HBV DNA titer were randomly allocated based on the Risk Evaluation of Viral Load Elevation and Associated Liver Disease/Cancer-Hepatitis B Virus (REVEAL-HBV) study.[@b4-gnl-10-962],[@b7-gnl-10-962]

###### 

Patients Eligible for Antiviral Therapy in the General Korean Population with Chronic HBV Infection and Prediction of Risk Reduction for HCC Development after 5 Years of Antiviral Therapy

  Criteria       Eligible patients for antiviral therapy   HCC risk reduction, %        p-value[\*](#tfn9-gnl-10-962){ref-type="table-fn"}   
  -------------- ----------------------------------------- ---------------------------- ---------------------------------------------------- ----------
  Korean NHI     3.76±0.03                                 37,321 (37,208--37,434)      −7.14±0.14                                           \<0.0001
  EASL           15.37±0.06                                152,797 (152,539--153,056)   −23.33±0.26                                          
  New extended   48.20±0.23                                479,085 (478,066--480,105)   −58.82±0.07                                          

Data are presented as mean±SD or mean (95% confidence interval).

HBV, hepatitis B virus; HCC, hepatocellular carcinoma; NHI, National Health Insurance of Korea; EASL, European Association for the Study of the Liver.

One-way ANOVA was performed.

###### 

Estimated Risk Reduction of HCC Development in the 5-Year after Antiviral Treatment in the General Korean Population

  TUR, %   Korean NHI   EASL   New extended                   
  -------- ------------ ------ -------------- ------ -------- ------
  10       −0.74        0.06   −2.39          0.10   −5.88    0.13
  20       −1.48        0.07   −4.78          0.15   −11.77   0.18
  30       −2.21        0.10   −7.17          0.15   −17.62   0.22
  40       −2.95        0.11   −9.60          0.16   −23.48   0.21
  50       −3.67        0.11   −11.97         0.17   −29.38   0.24
  60       −4.42        0.10   −14.38         0.17   −35.18   0.22
  70       −5.17        0.09   −16.76         0.16   −41.10   0.23
  80       −5.89        0.08   −19.14         0.13   −47.02   0.18
  90       −6.63        0.06   −21.52         0.12   −52.86   0.14

TUR was the proportion of patients who participated in antiviral therapy among patients eligible for the treatment. For every 100% increase in TUR, HCC risk was reduced by −5.87%, −2.39%, and −0.74% under the extended indication, the EASL guideline, and the Korean NHI indication, respectively.

HCC, hepatocellular carcinoma; TUR, treatment uptake rate; NHI, National Health Insurance; EASL, European Association for the Study of the Liver.
